. Finally, the authors' model does not consider the 'new friends list' -the beneficial, free-living microbes or symbionts that are acquired in the new environment, and that can also provide positive feedback to plant growth 10 .
Invasive plants are not unique in terms of their growth physiologies; rather, these species often group within the set of plants associated with rapid-growth strategies 8 . Using this criterion, the argument that invasive species are fundamentally different from native species is not justified. But Blumenthal and colleagues' analysis 3 shows that nonnative species combine two characteristics -rapid growth and a lower pathogen burden (and, presumably, fewer herbivores) -that distinguishes them from native species. Thus, the combination of the two traits does set this group apart, with a subset of them possessing extreme growth and competitive potential.
Accordingly, these results constitute good evidence for the existence of a subset of nonnative species that are unique in their invasive abilities. They justify the use of the 'non-native' label in discussions on environmental management and biodiversity concerns, and more generally are a further step in the maturation of invasion biology as a predictive science. ■ comparison separates species able to exploit physical disturbances ('ruderals') from the other two groups 5 . When Blumenthal et al. 3 compared pathogen numbers on these plants, an unexpected finding was that, in their home range, plants classified as competitors averaged four times as many pathogenic fungi and about seven times as many viruses as plants adapted as stress-tolerators or as stress-tolerant ruderals. The authors then looked at the question of what best explains the number of pathogen species as well as the subsequent loss of this pathogen burden when plants move to new environments. They used a scoring procedure of plant characteristics that ranked species as competitors, stress tolerators, ruderals or intermediates. They also ranked resources (light, water, nitrogen) from sample locations. Plant characteristics best explained numbers of pathogens as well as the losses in numbers of pathogens; the pathogen burden, and its subsequent reduction, was related to resource availability.
Plants adapted to moderate-and highresource communities are able to grow rapidly when presented with resource opportunities 6 . But the fact that such plants exhibit these growth characteristics in their home environment while possessing relatively high numbers of viral and fungal pathogens is surprising. Clearly, the plants can keep pathogens in check while competing in relatively high-resource areas. In contrast, stress-tolerant plants that persist in environments that are 'too dry' or 'too wet' do so while hosting fewer pathogens. The causal relationships among these factors can be only speculative. But it seems that a resource-rich environment allows a plant to carry a higher pathogen load and persist, whereas in low-resource areas natural selection favours only those that maintain reduced pathogen loads. Plants with a growth strategy that provides quick benefits from their tissues can tolerate a higher pathogen load; in low-resource areas they need tissues that will discourage pathogen presence.
These interpretations seem to be consistent with the principles of leaf and plant economics 6, 7 that govern the adaptive balance between growth and defence. Plant growth rates are strongly correlated with higher specific leaf area (thinner leaves) and higher foliar nutrients, and invasive plants are more likely to have these traits and therefore to grow faster 8 . Thus, instead of two separate mechanisms -high growth favours invaders; escape from enemies favours invaders -Blumenthal et al. 3 find that both of these traits are embodied in plants that become successful invaders.
This study did not rank invaders in terms of their ability to achieve extreme dominance or 'monoculture' in their new environments, and it would be interesting to know which plants -the competitors or the ruderals -have become the 'worst' invaders. Other points to consider are that viruses and fungi are not on the radar screens of many ecologists, and for About 500 million years ago, vertebrates divided into two forms marked by the possession or lack of jaws. Today, the jawed forms are by far the more common and include organisms as diverse as humans and sharks. Immunology research has understandably centred on the jawed vertebrates, in which it has long been known that adaptive (inducible) immunity is mainly accounted for by two distinct lineages of lymphocyte: T cells and B cells. But any understanding of vertebrate immunity has to consider our distant jawless cousins, which today are represented by only the lamprey and hagfish. On page 796 of this issue, Guo and colleagues 1 do just that, and extend our concepts of the two-component nature of immune function 2 through their investigation of the cellular basis of immunity in the lamprey.
The business ends of T and B cells are the components that recognize foreign antigenrespectively, the T-cell antigen-binding receptor (TCR), and the B-cell receptor, which is a membrane-anchored immunoglobulin that is subsequently released as a circulating antibody (Fig. 1a) . Extraordinary diversity can be generated in both TCRs and immuno globulins outside the germline through somatic recombination, and also through hypervariation, in the case of immunoglobulins. Consequently, T and B cells can produce an immune response to all manner of invaders. One major (cellular) type of T-cell response involves killing host cells infected by viruses or bacteria. By contrast, the (humoral) B-cell-derived response consists of the production of antibodies that largely recognize and ultimately help to destroy aliens in the bloodstream.
But jawless vertebrates have much to offer immunologists. Lampreys have been shown to mount an adaptive form of specific humoral immunity to Gram-negative bacteria, as well as to a determinant unique to human type O red blood cells 3 . Despite the antigenic complexity of the red-blood-cell surface, induced molecules that agglutinated type O blood cells did not agglutinate type A or B cells. Furthermore, the molecular size of the reactive molecules was inconsistent with that of the immunoglobulins 3 . Experimental strategies, based on knowledge of the genes encoding immunoglobulins and TCRs, failed to detect the evolutionary equivalents (orthologues) of these molecules in jawless vertebrates. These negative results became understandable with the recognition that 
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adaptive immune specificity in the lamprey and hagfish is mediated by variable lymphocyte receptors (VLRs) that are unrelated to immunoglobulin-type molecules 4 . Much is now known about the structure and genetic diversification of VLRs, which consist of variable and invariant portions. On the basis of this, they are classified as VLRA and VLRB 4, 5 , and the complex immune repertoires of both types are somatically derived through a gene-conversion-like mechanism that recombines relatively short DNA sequences encoding leucine-rich repeats 6, 7 . A very different form of somatic recombination gives rise to diversified immunoglobulins and TCRs in the lymphocytes of jawed vertebrates.
But VLRs are produced by cells in the lamprey that morphologically resemble the lympho cytes seen in jawed vertebrates 8, 9 . Guo et al. 1 illustrate further parallels between VLR-bearing cells and conventional T and B cells. First, transfection of complementary DNAs encoding VLRA and VLRB into mammalian cell lines revealed that VLRB is both expressed at the cell surface and secreted, whereas VLRA is only surface expressed (Fig. 1b) . The tissue distribution of VLRA is more anatomically restricted than that of VLRB. A known stimulant of T-cell proliferation in jawed vertebrates acts on VLRA-expressing cells to a greater degree than on VLRB-expressing cells. Putative orthologues of transcription products expressed in conventional T and B cells are associated with cell populations that are respectively restricted to VLRA and VLRB expression. Finally, two types of AID/APOBEC deaminase enzyme, both of which could potentially be involved in the generation of somatic variability 7 , are expressed selectively in the two lineages.
However, the relationship of the VLRAand VLRB-expressing cell populations to the lymphocyte lineages in jawed vertebrates is far from clear. Confounding factors are the absence of conventional T-and B-cell receptors, which are the defining lineage-specific markers, and of their respective co-receptors. And there are no equivalents of those members of the major histocompatibility complex (MHC) family that interact specifically with T cells in jawed vertebrates.
The results of Guo et al. 
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A general investigation has been in progress for some time in this Department into certain aspects of the chemistry of Ulex europaeus. This common furze has a local reputation as a supplementary animal foodstuff ... No previous results are available on the carotene content of the green matter (spines) of furze and its seasonal variation, which are now reported ... From October to February or March -when furze is fed to stockthe average carotene content is 126 mgm./kgm., indicating that it is a very good, and freely available, source of carotene. The relatively high values during the summer months point to
The interesting problem of the dew-pond still awaits a definite solution. That these ponds are mainly fed by mist, and not dew, can hardly be doubted by anyone who has visited them at night, situated as they are on the topmost ridges of the Downs. In the driest summer the prevailing south-west wind, as it comes up from the sea, forms on these heights after dark thick clouds of mist, which soak everything that comes into contact with them ... The source of the water in these ponds, therefore, seems evident, but the mechanism by which the mist is precipitated into the ponds is not so apparent ... It appears to me that the only possible explanation is that the particles of mist must bear charges of electricity differing in potential from that of the earth. The charge on the earth would, of course, be most dense at the summits of the hills. Hence the tendency for the mist to deposit on the top of the ridge. From Nature 10 June 1909.
been obscured by the passage of evolutionary time. Given the extent of the evolutionary separation between jawed and jawless vertebrates, and what we know of the extraordinary levels of variation in genomic organization and the unique mechanisms associated with the rearranging antigen-binding receptors in the jawed vertebrates 10 , the use of a different molecule to carry out similar functions is not surprising. Whether or not the VLR system can create repertoires as complex as those seen with antibodies and TCRs remains an open question.
Ultimately, VLR diversity may well not match the extraordinarily fine specificity effected through immunoglobulins. But allelic exclusion, which restricts the rearrangement of TCRs and immunoglobulins to a single chromosome in jawed vertebrates, thus ensuring a single specific immune receptor on a lymphocyte, has also been demonstrated in lamprey VLRs 4, 6 . Other defining characteristics of jawed vertebrate lymphocytes, including clonal selection of somatic cells, lymphocyte memory, affinity maturation and intercompartmental cooperativity, are potentially common to adaptive immunity in all vertebrates.
Overall, the new findings 1 cause us to rethink the nature of immune function outside what now seems to be the ever-more-specialized case of T-and B-cell immunity in jawed vertebrates. The emerging theme reinforced here is that there was a compelling need for the evolution of effective host mechanisms to combat the elaborate immune-evasion strategies of pathogens. Adaptability in response to these strategies is achieved through integration of basic physiological processes, such as selective mobilization of DNA-repair mechanisms and differential processing of RNA 10 , with surprisingly few unique innovations. If the differences in the molecular basis of immune-receptor function between a lamprey and a human (or jawed fish) are as great as they seem, then there is no predicting what other adaptations may have arisen in the animal and plant kingdoms. Studies of immunity in different organisms will continue to provide examples of some of the most complex patterns of system integration and specialization in biology. Naturally occurring compounds -known as 'natural products' to chemists -have had a long-standing role in the process of drug discovery. Many of them have useful biological activities and have become the foundations of new classes of therapeutic agents. A severe constraint on such efforts, however, is the limited availability of many natural products, which are often present in vanishingly small quantities in their native organisms. The de novo synthesis of natural products is therefore a crucial area of research, because it can increase the availability of a compound and enable the preparation of various analogues that might have better activity than the naturally occurring molecule. On page 824 of this issue, Chen and Baran 1 describe a tremendous advance for the field: a biomimetically inspired strategy for the rapid construction of a family of 'terpene' natural products, starting from one common intermediate.
Natural-product synthesis is a well-established discipline, spanning more than a century of intense investigation 2 . But although a wide variety of structurally complex natural products have now been synthesized, most routes typically target a specific compound (rather than families of compounds) and involve an impracticably large number of steps. A major focus of present-day organic synthesis is therefore the development of highly streamlined and practical procedures for the rapid construction of diverse, complex natural products.
Baran's group has previously concentrated on designing such strategies for the rapid construction of alkaloid (nitrogen-containing) natural products 3, 4 , but terpenes -compounds that have hydrocarbon skeletons decorated with oxygen-containing groups -offer different synthetic challenges. Terpenes constitute the largest class of natural products, finding roles as scents, flavours and pharmaceuticals. Chen and Baran 1 recognized that, compared with typical syntheses in the lab, the bio syntheses of terpenes are highly streamlined. Relatively simple hydrocarbon cores, free of other chemical groups, are first generated using a standard set of cyclase enzymes. Structural diversity is then introduced through a series of oxidation and Parkinson's disease. Alzheimer's disease had been suspected to be transmissible for some time: an early report 9 of disease transmission to hamsters through white blood cells from people with Alzheimer's disease caused great consternation, but was never reproduced. Much more tantalizing evidence came from the discovery 10, 11 that aggregates of the amyloid-β (Aβ) peptide found in the brain of people with Alzheimer's disease could be transmitted to the brain of mice engineered to produce large amounts of the Aβ precursor protein APP. Another study 12 has shown that healthy tissue grafted into the brain of people with Parkinson's disease acquires intracellular Lewy bodiesaggregates of the Parkinson's disease-associated protein α-synuclein. This suggests prion-like transmission of diseased protein from the recipient's brain to the grafted cells.
These findings [10] [11] [12] raise a provocative question. If protein aggregation depends on the introduction of 'seeds' and on the availability of the monomeric precursor, and if, as has been suggested 13 , amyloid represents the primordial state of all proteins, wouldn't all proteinsunder appropriate conditions -behave like prions in the presence of sufficient precursor?
Acceptance of this concept is gaining momentum. For one thing, an increasing wealth of traits is being found in yeast, fungi and bacteria that can best be explained as prion-like phenomena (see table) . And now, Ren and colleagues 3 provide evidence for prion-like spread of polyglutamine (polyQ)-containing protein aggregates, which are similar to the aggregates found in Huntington's disease. They show that polyQ aggregates can be taken up from the outside by mammalian cells. Once in the cytosol, the polyQ aggregates can grow by recruiting endogenous polyQ.
Clavaguera et al. 4 report similar findings in a mouse model of tauopathy, a neurodegenerative disease caused by intraneuronal aggregation of the microtubule-associated tau protein.
Injection of mutant human tau into the brain of mice overexpressing normal human tau transmitted tauopathy, with intracellular aggregation of previously normal tau and spread of aggregates to neighbouring regions of the brain. Notably, full-blown tauopathy was not induced in mice that did not express human tau. Assuming that tau pathology wasn't elicited by some indirect pathway (some mice overexpressing mutated human tau develop protein tangles even when exposed to un related amyloid aggregates 14 ), this sequence of events is reminiscent of prions. Finally, Frost and colleagues 5 show that extracellular tau aggregates can be taken up by cells in culture. Hence, tau can attack and penetrate cells from the outside, sporting predatory behaviour akin to that of prions.
Yet there is one crucial difference between actual prion diseases and diseases caused by other prion-like proteins (let's call them prionoids) described so far (see table) . The behaviour of prions is entirely comparable to that of any other infectious agent: for instance, prions are transmissible between individuals and often across species, and can be assayed with classic microbiological techniques, including titration by bioassay. Accordingly, prion diseases were long thought to be caused by viruses, and BSE created a worldwide panic similar to that currently being provoked by influenza. By contrast, although prionoids can 'infect' neighbouring molecules and sometimes even neighbouring cells, they do not spread within communities or cause epidemics such as those seen with BSE.
So, should any amyloid deserve an upgrade to a bone fide prion status? Currently, amyloid A (AA) amyloidosis may be the most promising candidate for a truly infectious disease caused by a self-propagating protein other than PrP Sc . AA amyloid consists of orderly aggregated fragments of the SAA protein, and its deposition damages many organs of the body. Seeds of AA amyloid can be excreted in faeces 15 , and can induce amyloidosis if taken up orally (at least in geese) 16 . Also, AA amyloid may be transmitted between mice by transfusion of white blood cells 17 . So, like entero viruses and, perhaps, sheep scrapie prions, AA amyloid seems to display all the elements of a complete infectious life cycle, including uptake, replication and release from its host.
There are intriguing evolutionary implications to the above findings. If prionoids are ubiquitous, why didn't evolution erect barriers to their pervasiveness? Maybe it is because the molecular transmissibility of aggregated states can sometimes be useful. Indeed, aggregation of the Sup35 protein, which leads to a prion-like phenomenon in yeast, may promote evolutionary adaptation by allowing yeast cells to temporarily activate DNA sequences that are normally untranslated 18 . Mammals have developed receptors for aggregates, and ironically PrP C may be one of them 19 , although these receptors have not been reported to mediate protective functions. Therefore, we shouldn't be shocked if instances of beneficial prionoids emerge in mammals as well. 
